The haemodynamic changes following the administration of morphine 0.15 and 0.30 mg kg" 1 i.v. were studied in 11 patients, free from known cardiac disease. All patients were acutely ill and their lungs were being ventilated mechanically. In those patients receiving 0.15 mg kg" 1 , the only haemodynamic change was a slight and transitory decrease in the systolic arterial pressure. In contrast, several changes were observed in patients receiving 0.30 mg kg" 1 : an immediate and prolonged decrease in the cardiac index was noted along with transient decreases in heart rate, stroke volume index, arterial pressure and left stroke work index. These results suggest that the haemodynamic cost of morphine 10 mg is negligible but could be significant when 20 mg has been administered and must be weighed against its beneficial effects in the critically ill patient.
1 i.v. in 11 artificially ventilated, acutely ill patients free of known cardiac disease. Table I shows the clinical and haemodynamic data for the 11 patients studied who were selected according to the following criteria:
METHODS
No cardiac disease, stable sinus rhythm and stable haemodynamic condition. No psychotropic treatment during the 3 days preceding the investigation. Intermittent positive pressure ventilation with adaptation to the ventilator before the administration of morphine (stable .Pa C o 2 during the investigation).
A total of 14 haemodynamic studies were carried out. These were divided into two groups: the first group consisted of seven studies made on seven patients who received morphine hydrochloride 0.30 mg kg" 1 i.v. over 2 min. The second group consisted of seven haemodynamic studies made on four other patients and also on three patients from the previous group. Each received morphine 0.15 mg kg" 1 administered similarly. The three patients who had two haemodynamic studies received, on the first day, morphine 0.30 mg kg" 1 and, 24 h later, morphine 0.15 mg kg" 1 . Two days before each haemodynamic study, arterial and thermistor-tipped Swan-Ganz catheters were inserted as an integral part of patient care. When a stable haemodynamic condition was obtained, data were recorded, both before the injection of morphine and 5, 15, 30, 60 and 90 min afterwards. Cardiac output was measured in triplicate by the thermodilution method (Edwards apparatus No. 9500) after injection of 10 ml of isotonic glucose at 0 °C into the right atrium. Central venous pressure (c.v.p.) , mean pulmonary arterial pressure (MPAP), pulmonary wedge pressure (PWP) and systolic, diastolic and mean aortic pressures (SAP, DAP, MAP) were monitored using Statham P23 transducers connected to the arterial and Swan-Ganz catheters. From these measured data, the following were calculated:
Total vascular resistance (TVR) = (units of resistance) Statistical analysis of data collected during the investigation was performed using the paired Student's t test, each patient acting as his own control.
Morphine OAStng kg-1 {table II) A remarkable stability in the haemodynamic data was seen. Systolic arterial pressure alone decreased significantly in the first 15 min compared with control values. However, this decrease was transitory and was not marked.
Morphine 0.3 mg kg-1 (table III) In contrast to the previous group, several variations in the haemodynamic patterns were observed. There was an immediate and prolonged decrease in the cardiac index following the administration of morphine. This change was significant throughout the study. Simultaneously, both heart rate and stroke volume index were decreased significantly during the 1st h ( fig. 1 ).
An immediate decrease in the mean aortic pressure was seen also. This was transitory and of moderate degree, reaching only 10% by the 5th min, and was accompanied by a gradual but non-significant increase The left stroke work index was decreased also, but this change was transitory, being significant during the first 15 min only, and was accompanied by insignificant increases in the right and the left cardiac filling pressures ( fig. 2 ).
DISCUSSION
Although several haemodynamic studies have dealt with the effects of the i.v. administration of morphine at doses of about 10 mg, the majority have dealt with spontaneously breathing patients with heart disease. With this dose the only haemodynamic change observed usually was a slight decrease in arterial pressure whether in cardiac patients (Thomas et al., 1965; Grendhal, Andersen and Muller, 1973) or in patients convalescing from multiple injuries (Samuel, Clarke and Dundee, 1977) . Our study confirms the previously published data on this point in that, after the injection of morphine 0.15 mg kg" 1 there was transitory arterial hypotension which affected only the systolic arterial pressure, but both systolic and mean arterial pressure were affected at a dose of 0.30 mg kg-1 . Nevertheless, the hypotension was moderate and none of the 11 patients studied suffered a severe hypotensive incident with a systolic arterial pressure less than 100 mm Hg. Although the production of arterial hypotension is no longer in question, the mechanism of its induction is. Even if morphine-induced histamine release has been established in animals (Thompson and Walton, 1966) its role seems to be negligible in man (Zelis et al., 1974) . The mechanism by which morphine, administered in the usual doses, induces arterial hypotension seems to be that of a reflex reduction in sympathetic alpha-adrenergic tone at a central nervous system level, as the studies by co-workers (1974, 1977) have shown on the isolated human arm. It must be recognized, however, that haemodynamic studies on the administration of morphine in the usual dose ( < 0.5 mg kg" 1 ) have not, for the most part, indicated a significant decrease in the total vascular resistance (Thomas et al., 1965; Alderman et al., 1972; Grendhal, Andersen and Muller, 1973; Lee et al., 1976) . In fact, such a decrease has been reported after the administration of large i.v. doses of morphine (1-3 mg kg" 1 ) by Lowenstein and colleagues (1969) , Stoelting and Gibbs (1973) and Wong and co-workers (1973) . In our study, the total vascular resistance was unchanged at a dose of 0.15 mg kg" 1 and increased after administration of morphine 0.30 mg kg" 1 . However, this small increase was insufficient to counteract completely the effects of the decrease in cardiac output on arterial pressure. However, interpretation of the calculated total'vascular resistance would seem to us to be difficult, especially when it involves the detection of slight variations in vasomotor tone associated with changes in cardiac output.
The haemodynamic studies of morphine have noted variable and unpredictable effects of the drug on the cardiac index; decreases (Alderman et al., 1972; Lappas et al., 1975) , increases (Lowenstein et al., 1969; Stoelting and Gibbs, 1973; Wong et al., 1973) , and no change (Grendhal, Andersen and Muller, 1973; Lappas et al., 1975; Lee et al., 1976) having been reported. In subjects free of cardiac disease, remarkable stability has been seen whether the dose be 1 mg kg" 1 (Lowenstein etal., 1969) or 0.15 mg kg -1 (Samuel, Clarke and Dundee, 1977) . Our study has confirmed a similar stability in the cardiac index at a dose of 0.15 mg kg" 1 , but has shown a significant and prolonged decrease in the cardiac index at a dose of 0.30 mg kg" 1 . It is known that, in most instances, acutely ill patients have an increased oxygen consumption and that morphine can diminish this by virtue of its central sedative activity (Fejfar et al., 1957; Alderman et al., 1972; Grendhal, Andersen and Muller, 1973) . This mechanism probably plays an important part in the decrease in cardiac index observed in our seven patients who received morphine 0.30 mg kg" 1 . However, this has still to be proved, since oxygen consumption was not measured in this study. On the other hand, the decrease in the heart rate seen in this study cannot explain the decrease in the cardiac index since the stroke volume index decreased significantly. Another hypothesis which might explain the decrease in cardiac output is that there may be a decrease in venous return resulting from the administration of the morphine. Numerous studies, including those by Zelis and colleagues (1974) , Samuel, Unni and Dundee (1977) and Vismara, Leaman and Zelis (1976) , have shown that morphine produces an increase in the peripheral venous capacitance, but in our study, after administration of morphine 0.30 mg kg" 1 , such a decrease in venous return is doubtful considering that there was no decrease in the cardiac filling pressures associated with the decrease in the stroke volume index. Moreover, a tendency to an increase in the cardiac filling pressures was seen, supporting other studies (Lowenstein et al., 1969; Grendhal, Andersen and Muller, 1973; Stoelting and Gibbs, 1973; Wong et al., 1973; Lappas et al., 1975; Lee et al., 1976) . This fact, in association with the decrease in cardiac index, could suggest a negative inotropic effect of morphine, but the body of the clinical and experimental studies (Vasko et al., 1966; Pur-Shahriari etal., 1967; Strauer, 1972; Vatner, Marsh and Swain, 1975; Urthaler, Walker and James, 1976) does not support this hypothesis. Another hypothesis explaining the tendency to an increase in cardiac filling pressures could be a morphine-induced modification of the respiratory mechanics and its repercussions on the intrapleural pressure. Morphine is known to decrease thoraco-pulmonary compliance, first by bronchoconstriction, and later by the muscular rigidity that it may induce . In this way, although it remains to be proved, morphine may produce an increase in measured pulmonary wedge pressure which would no longer reflect exactly the left ventricular filling pressure.
In conclusion, morphine is useful in intensive care by virtue of its depressant effect on ventilation, which facilitates adaptation to the ventilator .in patients whose breathing is difficult to control. Apart from its analgesic effect, its non-hypnotic sedative effect is useful in diminishing the anxiety of acutely ill patients. These advantages are obtained at moderate haemodynamic cost: at a dose of 0.15 mg kg" 1 the only haemodynamic change was a slight decrease in systolic arterial pressure; at a dose of 0.30 mg kg" 1 decreases in the cardiac index and the left ventricular work index were associated with a slight decrease in diastolic and mean arterial pressures.
REACTION CARDIOVASCULAIRE A L'ADMINISTRATION INTRAVEINEUSE DE MORPHINE CHEZ LES PERSONNES TRES GRAVEMENT MALADES ET SOUMISES A UNE VENTILATION AU MOYEN DE RESPIRATEURS A PRESSION POSITIVE INTERMITTENTE

RESUME
Les variations hemodynamiques qui se produisent apres Padministration intraveineuse de morphine, a raison de 0,15 et de 0,30 mg kg" 1 , ont 6te observ6es sur 11 malades, ne souffrant apparemment d'aucune maladie cardiaque. Toutes ces personnes 6taient gravement malades et leurs poumons dtaient ventiles par des moyens m£caniques. Chez les malades auxquels on a administre la dose de 0,15 mg kg" 1 , la seule variation hemodynamique que Ton ait constatee est une diminution legere et transitoire de la pression arterielle systolique. Par contre, on a observ6 plusieurs variations chez les malades ayant recu 0,30 mg kg-1 : une diminution immediate et prolongee de l'indice cardiaque en meme temps qu'une augmentation transitoire de la frequence cardiaque, de l'indice du volume systolique, de la pression arterielle et de l'indice du travail cardiaque gauche. Ces resultats laissent penser que la valeur hemodynamique de la morphine a 10 mg est negligeable, mais qu'elle pourrait avoir une certaine importance lorsqu'on en administre 20 mg, et il faut la comparer aux effets benefiques qu'elle a sur les personnes tres gravement malades. 
SUMARIO
Se estudiaron los cambios hemodinamicos resultando de la administracion de 0,15 y 0,30 mg kg" 1 de morfina i.v. en 11 pacientes, libres de todo trastorno cardiaco conocido. Todos los pacientes eran criticamente enfermos y sus pulmones estaban bajo ventilation mecanica. En los pacientes a los cuales se administro 0,15 mg kg-1 , el unico cambio hemodinamico registrado fue una ligera y transitoria disminucion de la presion arterial sistolica. En cambio, en los pacientes que recibieron 0,30 mg kg-1 , se observaron varios cambios: se noto una disminucion inmediata y prolongada del indice cardiaco, junto con descensos pasajeros del ritmo cardiaco, del indice de descarga sistolica, de la presion arterial y del indice de la funcion sist61ica izquierda. Estos resultados hacen pensar que, con 10 mg de morfina, el efecto hemodinamico es insignificante, pero que con la administracion de 20 mg, puede ser apreciable, y debe evaluarse en relation con sus efectos beneficiosos en pacientes en estado critico.
